A new taxoid metabolite with an unusual double bond between C-13 and C-14 was isolated from the methanol extract of the hard wood of Taxus cuspidata. The structure was established as 2α,5α,7β ,9α,10β ,13β -hexaacetoxy-11β -hydroxyl-19β -benzoxytaxa-4(20),13-dien-12,16-epoxide (1), named 5,13-diacetyltaxinine M-13-enol, on the basis of spectral analysis including 1 H NMR, 13 C NMR, HMQC, HMBC, NOESY and confirmed by HR-FAB-MS.
Introduction
Taxus species have attracted a great deal of attention since paclitaxel (Taxol R ), an anticancer drug used to treat ovarian, breast and lung cancers [1] , was first isolated from the bark of Taxus brevifolia [2] . Since then, a large number of taxane diterpenoids have been isolated from various Taxus species [3 -6] . Taxus cuspidata, an evergreen tree, is one of the most extensively studied yew, and more than 130 new taxanes have been reported [7 -9] . As a continuation of our phytochemical study on T. cuspidate [10 -14] , we investigated the hard wood of T. cuspidata and isolated a new taxinine M-type taxane with a rare double bond between C-13 and C-14. We report herein the structure elucidation of this new compound (Fig. 1 ).
Results and Discussion
Compound 1 was isolated as a colorless amorphous powder from the methanol extract of T. cuspidata hard wood. The molecular composition of 1, C 39 H 46 O 16 , was derived by analysis of positive high-resolution FAB-MS at m/z = 809.2419 [M+K] + and was further substantiated by the 13 C NMR spectrum. The 1 H and 13 C NMR spectral data of 1 are summarized in Table 1 . The 1 H NMR spectrum disclosed well-dispersed characteristic signals of taxanoids [15, 16] including threeproton signals due to the two tertiary methyl groups at δ H = 1.29, and 1.13. Six acetyl groups were observed between δ H = 2.02 and 2.21, and were further confirmed by corresponding 13 C NMR signals at δ C = 0932-0776 / 10 / 0500-0635 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com 45 hydrogens, indicating that the last hydrogen from the molecular formula was accommodated in a hydroxyl group. Indeed, a broad singlet signal was observed at δ H = 4.00, which exhibited long rang correlations with C-10, C-11, C-12, C-13, and C-15 in the HMBC experiment. This observation suggested that this hydroxyl group was attached to C-11. To clarify the intermolecular connectivities, the HMBC ex- periment and 1 H-1 H-COSY spectra were performed (Fig. 2) . Full assignments of the proton and carbon signals were secured by 1 H-1 H-COSY, HSQC, and HMBC spectra. Detailed analysis of the HMBC correlations of H-18 to C-11, C-12, and C-13 confirmed that Me-18 was attached at C-12. In the HMBC spectrum, the cross-peaks of H-16 and H-17 to C-1, C-11, and C-15 indicated that C-16 and C-17 were connected at C-15. 1 H-13 C long-range correlations between H-1 and C-11, C-13, C-14, and C-15, H-16, H-17 and C-1 and C-11, and between H-14 and C-1, C-12, C-13, and C-15 indicated the presence of a cyclohexane moiety (ring A). The cross-peaks of H-2 to C-3, C-8, H-3 to C-1, C-2, and C-8, H-10 to C-11, and C-15, H-1 to C-2, C-3, C-11, and C-15, H-9 to C-8 and C-11 in the HMBC spectrum suggested the presence of an eightmembered ring (ring B). Long-range coupling of H-19 to C-3, C-7, C-8 and C-9 implied that Me-19 was located at C-8. 1 H-13 C long-range correlations between H-3 to C-4, C-5, and C-8, H-7 to C-6, C-8 were indicative of the presence of a cyclohexane moiety (ring C). Both H-16a and H-16b showed three-bond correlations with C-12 in the HMBC map indicating that a new ring was formed through an oxygen. This conclusion was further supported by the chemical shifts of C-12 (δ C = 86.9) and C-16 (δ C = 82.0) as well as the chemical shifts and coupling constants of H-16a and H-16b (δ H =3.76, 1H, d, J = 8.1 Hz, H-16a; δ H = 3.49, 1H, d, J = 8.1 Hz, H-16b) [17 -19] . From the 1 H-1 H-COSY spectrum, it was possible to differentiate four discrete spin systems. A diagnostic signal at δ H = 3.47 typical for H-3α [15, 16] showed correlations with H-2 and H-20b in the 1 H-1 H-COSY NMR map and exhibited HMBC correlations with C-1, C-2, C-4, C-5, C-7, C-8, C-9, C-19, and C-20. Using H-3 as a starting point, the spin system from H-3 to H-14 through H-2 and H-1 and the spin system from H-5 to H-7 through H-6a and H-6b were established. H-3 and H-5 also showed longrange correlations with H-20b and H-20a, respectively. Other three pairs of doublets were attributed to H-9 (1H, d, J = 3.0 Hz) and H-10 (1H, d, J = 3.0 Hz), and to the two geminal oxygenated methylenes (H- 16 and H-19) . These signals are the typical features of taxinine M-type taxane [17 -19] . H-16 and H-19 resonated as a pair of doublets with relatively large coupling constants. The C-19-oxygenated methylene had a larger coupling constant than the C-16-oxygenated methylene because the latter is accommodated in a ring. H-2 resonated downfield as a broad doublet with a large coupling constant between H-3 and H-2 (J = 10.3 Hz). As there is no double bond at position C-11,12 and a new ring formed between C-12 and C-16, the chemical shifts of H-9 and H-10 are very close with a very small coupling constant. The peculiar conformation of ring B in this class of taxanes is required by the presence of the C-12, C-16 oxygen bridge.
According to the chemical shifts and HMBC correlations, five acetoxy groups were attached at C-2, C-5, C-7, C-9, and C-10, and the benzoyl group was positioned at C-19. The remaining acetoxy group (δ C = 168.0), therefore, must be located at C-13, and this was in agreement with the rather downfield chemical shift of C-13 (δ C = 152.2). The relative stereochemistry of 1 was defined on the basis of the NOESY spectrum and the coupling constants as well as by comparison with related compounds [15 -19] . On the basis of the above arguments, the structure of 1 was characterized unequivocally as 2α,5α,7β ,9α,10β ,13β -hexaacetoxy-11β -hydroxyl-19β -benzoxytaxa-4(20),13-dien-12,16-epoxide (1), named 5,13-diacetyltaxinine M-13-enol, as depicted in Fig. 1 .
Compound 1 is a new taxinine M-type diterpenoid with a rare double bond instead a ketone group at C-13 as in all the other taxinine M-type taxanes. It is the first example of such taxane isolated from Taxus sp. [3 -5] , although more than 15 taxanine M-type taxoids have been reported from Taxus plants since the first one was reported in 1981 [19] .
Compound 1 did not exhibit potential in vitro cytotoxicity screening against the human breast cancer MCF-7 and ovary cancer HAC-2 cell lines.
Experimental Section

General
Optical rotation values were recorded on a Jasco DIP-370 digital polarimeter. All NMR data were obtained at r. t. on a Varian-300 spectrometer. Positive ion Fast Atom Bombardment Mass Spectra (FAB-MS) were obtained with a Vacuum Generators ZAB-HS instrument. Flash chromatography was performed on silica gel 60 (230 -400 mesh EM Science). Thin-layer chromatography was conducted on silica gel 60 F 254 pre-coated TLC plates (0.25 mm or 0.5 mm, EM Science). The compounds were visualized on TLC plates with 10 % sulfuric acid in ethanol and heating on a hot plate. Na 2 SO 4 was the drying agent used in all work-up procedures. Analytical HPLC was performed on a Waters 600 FHU delivery system coupled to a PDA 996 detector. Preparative HPLC was carried out on a Waters Delta Prep 3000 instrument coupled to a UV 486 tunable absorbance detector set at 227 nm (Waters). Analytical HPLC was performed with two Whatman partisil 10 ODS-2 analytical columns (4.6 × 250 mm 2 ) in series. Preparative HPLC was performed with a partisil 10 ODS-2 MAG-20 preparative column (22 × 500 mm 2 ). The products were eluted with a 50 min linear gradient of acetonitrile (25 to 100 %) in water at a flow rate of 18 mL min −1 . Data were registered with MILLENIUM software (Waters). All the reagents and solvents were of the best available commercial quality and were used without further purification.
Plant material
The hard wood of Taxus cuspidata was collected in the fall of 2000 in the Toyama Prefecture in the north-west of Japan. The botanical identification was made by Professor T. Oritani of Toyama Prefectural University, Toyama, Japan. Several voucher specimens have been deposited in the Laboratory of Applied Bioorganic Chemistry, Graduate School of Agricultural Sciences, Tohoku University, Japan (no. NMC-2000-10-1).
Extraction and isolation
The air-dried hard wood (4500 g) of T. cuspidata was chipped and submerged in MeOH for one week at r. t. The methanolic extract was decanted and concentrated in vacuo; a dark-brown tar was obtained. The residue was diluted with brine and then extracted with CHCl 3 . The CHCl 3 -soluble portion was evaporated under reduced pressure to give a residue (40 g), which was loaded on to a silica gel column and eluted with increasing polarity of a mixed solvent (hexane-acetone). Fractions were pooled on the basis of their TLC to give 16 main fractions (Fr. 1 -16). Fraction 5 was applied to further chromatographic separations using stepwise elution (hexane-ethyl acetate) to give 6 sub-fractions (Fr. 5 -1 to Fr. 5 -6) according to TLC. Sub-fraction Fr. 5 -3 was subjected to reverse-phase preparative HPLC, the material eluted at 44.17 min was collected, dried and further purified by preparative TLC using hexane-ethyl acetate as mobile phase. The preparative TLC plate was cut into small strips under UV. The compounds were carefully removed by scraping off the silica gel and then were exhaustively extracted with acetone. After solvent evaporation, the residue afforded compound 1 (4.5 mg). 2α,5α,7β ,9α,10β ,13β -Hexaacetoxy-11β -hydroxyl-19β -benzoxytaxa-4(20) , 13-dien-12,16- 
